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ABSTRACT

N-Alkyl-substituted meso-tetrapyrrolylporphyrin (TPyrP) and its derivatives were synthesized for the first time via an acid-catalyzed condensation
between N-alkyl-2,4-diformylpyrrole and unsubstituted pyrrole and a subsequent deformylation reaction. X-ray structural analysis of formyl-
substituted TPyrP shows the tilting of meso pyrrole rings ca. 60° to the porphyrin plane. Formyl groups of meso pyrrole rings were removed
by treatment with trifluoroacetic acid (TFA) in pyrrole.

Owing to the facile syntheses and modifications, a variety
of meso-substituted tetraarylporphyrins have been synthe-
sized and used in various studies such as modeling of
biological processes, catalysts, functional dyes, and so on.1

Among themeso-aryl-substituted compounds, heteroaromat-
ics, like pyridyl or imidazolyl, are of interest because they
could serve as building blocks of the metal-coordinated
supramolecular assembly.2 On the other hand, there are few
reports about porphyrins with pyrrolyl substituents despite
the importantance of the porphyrin framework and its
potential application as a molecular wire.3 During our study
to synthesize “doubly N-confused porphyrins”,4 we have

examined the acid-catalyzed 1:1 condensation of 2,4-di-
formylpyrrole and pyrrole to obtainA or B, expecting that
both formyl groups could be involved in the porphyrin
macrocycle. Unexpectedly, the products isolated were not
“doubly N-confused porphyrins” butmeso-tetrapyrrolylpor-
phyrins (TPyrPs),C, products in which only one of the
formyl groups reacted (Scheme 1). Thus, TPyrP contains
eight pyrrolyl units in one molecule. In this Letter, we report
the synthesis, structural characterization, deformylation reac-

† JST.
‡ Kyoto University.
§ Oita University.
(1) (a) Lindsey, J. S. InThe Porphyrin Handbook; Kadish, K. M., Smith,

K. M., Guilard, R., Eds; Academic Press: San Diego, 1999; Vol. 1, Chapter
2. (b) Jaquinod, L., ref 1a, Chapter 5.

(2) (a) Stibrany, R. T.; Vasudevan, J.; Knapp, S.; Potenza, J. A.; Emge,
T.; Schugar, H. J.J. Am. Chem. Soc. 1996, 118, 3980-3981. (b) Schenning,
A. P. H. J.; Benneker, F. B. G.; Geurts, H. P. M.; Liu, X. Y.; Nolte, J. M.
J. Am. Chem. Soc.1996, 118, 8549-8552. (c) Kobuke, Y.; Miyaji, H.Bull.
Chem. Soc. Jpn.1996,69, 3563-3569.

(3) Mono- and dipyrrolylporphyrins and their derivatives were reported.
(a) Clezy, P. S.; Liepa, A. J.; Webb, N. W.Aust. J. Chem.1972, 25, 1991-
2001. (b) Aota, H.; Itai, Y.; Matsumoto, A.; Kamachi, M.Chem. Lett.1994,
2043-2046. (c) Aota, H.; Reikan, T.; Matsumoto, A.; Kamachi, M.Chem.
Lett. 1998, 335-336.

(4) Furuta, H.; Maeda, H.; Osuka, A.J. Am. Chem. Soc. In press.

Scheme 1

ORGANIC
LETTERS

2000
Vol. 2, No. 2

187-189

10.1021/ol9912783 CCC: $19.00 © 2000 American Chemical Society
Published on Web 01/04/2000



tion, and unusual optical properties of TPyrP and its
derivatives. To the best of our knowledge, this is the first
example of porphyrins that have pyrrole rings at all four meso
positions.

First, 2,4-diformylpyrrole and unsubstituted pyrrole were
reacted in acetic acid at 110°C for 40 min. After removing
the solvent, the brown tar residue was subjected to a silica
gel column with 3% MeOH-CH2Cl2. Four red colored bands
were isolated. They turned out to be formyl-substituted
TPyrP,1-H, 2-H, a mixture of3-H and4-H, and5-H from
MALDI-TOF and NMR spectra (Scheme 2).5 Changing the
acid to trifluoroacetic acid (TFA) or BF3‚OEt2 resulted in
the formation of insoluble polymers. Theââââ-linked
product1-H was severely insoluble and could not be studied
further.Râ-Mixed formyl TPyrP (2-H, 3-H + 4-H, and5-H),
obtained in 5% yields in total (ca. 2:4:1 in ratio), showed
two sets of1H NMR signals with 3:1, 1:1, and 1:3 ratios,
respectively. For example, two pyrrolic NH’s appeared at
13.01 and 12.94 ppm (3:1) and formyl H’s at 9.94 and 10.15
ppm (3:1) with2-H in DMF-d7. Evidence for a mixture of
3-H and4-H (1:1) came from two independent signals of
inner NHs at-2.83 and-2.85 ppm.6 The attempts to purify
these products were hampered by their poor solubility. To
raise the solubility,N-alkyl-substituted 2,4-diformylpyrroles
were subjected to the reactions in the next step. When
N-methyl-2,4-diformylpyrrole was used, the formyl-substi-
tuted N-methyl-TPyrP,1-Me, 2-Me, and (3-Me + 4-Me)
were isolated in 5% yield, and the similarly butRâââ-linked
product2-Me was obtained as a major product. When the
more bulkyN-isopropyl derivative was used, nearly identical
amounts of1-iPr and2-iPr were produced in 10% yield,
which leads to the conclusion that the diformylpyrrole served
as a normal arylaldehyde.7 In fact, with the standard Lindsey
method (BF3‚OEt2/CHCl3), ââââ-linked product1-iPr was

obtained in 20% yield but the formation ofRâ-mixed
products 2-iPr, 3-iPr, or 4-iPr was not confirmed. The
selective formation of1-iPr can be explained by the steric
hindrance ofN-alkyl groups that deactivates theR-formyl
group of 2,4-diformylpyrrole.8 The produced TPyrP1-iPr was
therefore derived from the reaction with the remaining
â-formyl groups and unsubstituted pyrroles.

A single-crystal structure of1-iPr revealed that the meso
pyrroles were tilted 57.6 and 61.4° against the mean core
plane (Figure 1),9 which is similar to that of the tetraphen-

ylporphyrin (TPP).10 The porphyrin plane is almost flat, and
the core pyrroles are slightly canted 4.0 and 4.3° in the
opposite direction. The deviation from planarity is less than
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(6) 1H NMR spectra of selected TPyrP derivative are shown in the
Supporting Information.

Scheme 2

Figure 1. Structure ofN-isopropyl-TpyrP (1-iPr). Isopropyl and
formyl groups are omitted for clarity in the side view.
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0.12 Å. Optical absorption spectra show both Soret transition
bands and Q-bands around 428.5, 526, 568.5, and 662 nm,
respectively. Ni(II) complex (7) was also prepared by heating
with Ni(II) acetylacetonate in refluxing toluene for 1 h.

The removal of the attached formyl groups succeeded
during the synthesis of tripyrromethane derivative8, unex-
pectedly (Scheme 3).11 When1-iPr was stirred in pyrrole in

the presence of TFA for 30 min at room temperature, the
blue-green colored tripyrromethane derivative8 was obtained
in 90% yield. On the other hand, when Ni complex7 was
treated under the same conditions, the deformylation reaction
took place in 3 h, affording the Ni complex of TPyrP,9, in
46% yield. Monitoring the reaction by MALDI-TOF-MS
suggested that the deformylation of7 proceeded via tri-
pyrromethane intermediates.

Interestingly, the protonated8 gives a red-brown colored
solution and shows a very large Q-band absorption at 765.5
nm in CHCl3, which is ca. 90 nm bathochromic shifted
compared with the free base (Figure 2). Further, the ratio of

absorption intensity between Soret and Q-band transition in
this protonated porphyrin is 0.56. These values, bathochromic
shift and absorption ratio, are in remarkable contrast to those
for the protonated TPP, 10 nm and 0.10. Similar trends were
also observed for1-iPr, 47 nm and 0.21. At present, we are
not sure about the origin of the large absorption change with
this 12 pyrrole-substituted porphyrin (16 pyrrolyl units in
total), 8. The large deformation of the porphyrin plane due
to the interactions of the pendant pyrrolyl groups and the
protonated pyrroles in the core is highly probable.12

The reasonmeso-tetrapyrrolylporphyrin (TPyrP) has not
been studied is mainly due to the difficulty of synthesis. As
the simple formylpyrrole is prone to polymerize, introduction
of the second formyl and/or bulky group at pyrrolic-N was
an important key for the synthesis of TPyrP. Especially, the
remaining second formyl group could be used as a foothold
to synthesize various TPyrP derivatives. A modeling study
for electron transfer and an application such as photodynamic
therapy (PDT)13 can be contemplated.

Supporting Information Available: Experimental pro-
cedures, spectral data for TPyrPs, and X-ray structural details.
This material is available free of charge via the Internet at
http://pubs.acs.org.

OL9912783
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Scheme 3

Figure 2. Absorption spectra of tripyromethanederivative8: free
base (solid line) and protonated8 (broken line) in CH2Cl2.
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